Introduction
The current coloring matter tests of the Japanese Standards of Food Additives (JSFA)1) cover such purity tests as assay of dye content, other coloring matters, waterinsoluble substance, chloride and sulfate contents, heavy metals, arsenic and so on. Residual starting materials as well as colorless uncombined intermediates, however, are not regulated.
Other coloring matters are tested by examining the presence of subsidiary spots on a paper chromatogram using 0.002ml of 0.1% solution.
Accordingly, it is impossible to detect small amounts of subsidiary dyes, the detection limit probably being about 3% of the original food coal-tar dyes. In order to assure the safety of food coal-tar dyes, stricter tests should be developed and adopted in the next version of JSFA.
Up to now, column chromatographic methods have been developed for the inspection of organic impurities2),3); these methods, however, require rather complicated and timeconsuming procedures, and, moreover, they cannot separate the impurities distinctly from each other. Recently, HPLC has given promising results in the determination of coaltar dyes4),5) as well as their organic impurities6), 8) .
In this investigation, we attempted to apply HPLC as a purity test to determine residual starting materials and reaction intermediates of the organic synthesis of food coaltar dyes, and we succeeded in establishing a common inspection method for 7 kinds of food coal-tar dyes (four azo dyes, two triphenylmethane dyes and one indigoid dye The same kinds of dyes as the reference standards were used; the samples had passed the regular product examination.
A 1g portion of each sample was dissolved in 50ml of water, 10ml of 0.1% p-nitrophenol solution was added as an internal standard, and the whole was made up to 100ml with water. 4. Preparation of calibration curves Aliquots of 0, 5, 10, 15, 20 and 25ml of 0.1% sulfanilic acid standard solution and 0.1% dye solution of reference standards were taken into separate flasks, then 10ml of 0.1% p-nitrophenol solution was added as an internal standard, and each mixture was made up to 100ml with water.
Five microliters of each solution was injected into the HPLC machine and ratios of peak areas of uncombined intermediates or other coloring matters to that of the internal standard were plotted against the amount of uncombined intermediates or other coloring matters.
Estimation of organic impurities
Quantities of subsidiary coloring matters B are measured at the maximal absorbance wavelength of the dye (excluding the main peak), while the sum of residual starting materials and colorless uncombined intermediates corresponds to A-B, where A is the total peak area detected at 254nm (excluding the main peak). The latter is expressed as sulfanilic acid, one of the important starting materials in azo dye synthesis, while the former is expressed as amount of each main dye.
In the case of Tartrazine, a sample solution was measured at the wavelength of 254nm (A), and then the same solution was measured at 428nm, the maximal absorbance wavelength of Tartrazine (B) under the same conditions of HPLC. Total amounts of sulfanilic acid and pyrazolone derivative (colorless) were expressed as sulfanilic acid (A-B), while subsidiary color A, B and C (with color) were expressed as amount of Tartrazine (B), as shown in Fig. 1a .
Results and Discussion 1. Establishment of analytical conditions of HPLC A combination of strong anion exchange type column and sodium borate-sodium perchlorate solution was appropriate for the analysis of azo dyes, triphenylmethane dyes and Indigo Carmine, though Erythrosine, Phloxin e, Rose Bengal and Acid Red (xanthene dyes) were not sufficiently eluted under these conditions.
When only P eluant was run, a broad tailing peak of the main dye was obtained with relatively large retention time, but more compact chromatograms were obtained with the aid of the gradient elution system with mixtures of P and S. 2. Adoption of a suitable internal standard A survey was carried out in order to select a suitable internal standard for HPLC. The tR values of internal standard substances and starting materials are summarized in Table 1 .
Since the tR of the internal standard must not overlap with those of other products, but should be similar, p-nitrophenol was finally chosen since it gives a sharp peak and has a moderate tR of 9.2min, being well separated from any peak of starting material or intermediate.
Its final concentration in the sample solution was adjusted to 1.0%. 
